The endothelium is a monolayer of cells on the posterior corneal surface that trans ports water from the stroma into the anterior chamber. This movement of water counters a natural tendency for the stroma to swell and is necessary to maintain a transparent cornea. Embryologic studies, in particular the demonstration of the derivation of the endothelium from the neural crest, have provided insight into the factors that govern the response of this tissue to disease. In some species the endo thelium can regenerate after injury, but in man cellular enlargement is the main mechanism of repair after cell loss. A clinical estimate of endothelial cell density and function is provided by specular microscopy, fluorophotometry and pachymetry. In this paper we review the development, structure and function of the corneal endo thelium, and then consider the pathological processes that can affect this tissue. 
Summary
The endothelium is a monolayer of cells on the posterior corneal surface that trans ports water from the stroma into the anterior chamber. This movement of water counters a natural tendency for the stroma to swell and is necessary to maintain a transparent cornea. Embryologic studies, in particular the demonstration of the derivation of the endothelium from the neural crest, have provided insight into the factors that govern the response of this tissue to disease. In some species the endo thelium can regenerate after injury, but in man cellular enlargement is the main mechanism of repair after cell loss. A clinical estimate of endothelial cell density and function is provided by specular microscopy, fluorophotometry and pachymetry. In this paper we review the development, structure and function of the corneal endo thelium, and then consider the pathological processes that can affect this tissue. There is, however, a wide variation in the rate at which Descemet's membrane is deposited, and a measurement of its thickness does not provide an accurate gauge as to a patients age.30
Morphology
At birth, the human endothelium comprises a monolayer of up to 500,000 cells, with a density as high as 7,500 cells/mm2• During life, cell density progressively reduces (Fig. 3) .31 , 32,33 An initial rapid decline occurs in the first year, reflecting hypertrophy of a fixed population of endothelial cells in response to continued corneal growth,34,35,36
Cell density continues to fall at a reduced rate until the mid-twenties due to endothelial cell loss, and there follows a more gradual decline Age (ye .. a) Fig. 3 . Graphical representation of the fall in endothelial cell density that occurs with age. An initial very rapid decline in infancy (A) levels off in the teens (8) to be fo llowed by a gradual decline into old age (C). Details of the fa ll in density that occurs in childhood are sketchy, but available data suggests that there is approximately a 45% reduction in cell density by the age of one year, and that this figure is further reduced by 25% by the age of twenty years, with 50% of this loss occurring by the age of five years. 
Physiology
The endothelial pump '-a Fig.4d . . Endothelial pump mechanisms. The linkage between ion flux and the mass movement of water from the stroma to the aqueous cannot be adequately explained. Although it is impossible to provide a definitive model of endothelial pumping, the following scheme summarizes aspects of our present understanding of ion transport. The pump can be inhibited by carbonic anhydrase inhibitors (l) or by ouabain (2). form following injury. The role of these cells in endothelial repair is uncertain. 152 Although there is a rapid morphological recovery of an intact layer of endothelial cells following injury, physiological function is more slowly re-established. In the rabbit, where endothelial proliferation occurs, the permeability to fluorescein returns to normal within 14 days of transcorneal freezing, but there is a further delay of up to seven days before the stroma returns to normal thick ness. 153,154,155 In the cat, which like the human has little endothelial regenerative capacity, functional recovery may be delayed several months. 156
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If Descemet's membrane is damaged at the time of surgery, the cut edges retract elas tically and curl toward the stroma. A fibrin clot forms on the exposed stroma, which is then covered by migrating endothelial cells. The cells covering the stromal bed secrete a new basement membrane but the damaged Descemet's membrane is not resorbed. 157
Repair of the endothelial layer by cellular sliding has one major disadvantage. At sites of persistent mechanical injury caused, for example, by the leg of an intraocular lens or by a foreign body in the anterior chamber, cells migrate to the site of injury and are lost like lemmings streaming off a cliff-and there can be a gradual spread of corneal decompen sation arising from this focus.
Cell loss after surgery
All surgical procedures that involve entry into the anterior segment will damage a propor- (Table I ), but because cell rearrangement as a result of injury is superimposed upon a slow physiological cell loss, the onset of bullous keratopathy can be insidious and delayed. This phenomenon was well demonstrated in the case of posterior keratotomy for myopia, where the full consequences were not appre ciated for twenty years after the surgical pro cedure was first introduced.1 6 3 Post-operative bullous keratopathy has become the most common indication for pen etrating keratoplasty in many centres. This has been associated with the widespread adoption of intraocular lens implantation (IOL) following cataract removal. Although figures for the percentage of endothelial cells that are lost following IOL implantation vary, certain trends have emerged. Early tech niques produced an unexpectedly high oper ative cell loss (up to 70%) because no effort was made to prevent the IOL touching the endothelium. 164 Awareness of this hazard led to the modification of operative technique and, initially, by the simple expedient of main taining the anterior chamber with air, cell loss was greatly reduced (Table II) .
The evolution of surgical techniques aimed at minimising cell loss has been steady. If one considers the numbers of eyes that progress to corneal decompensation, improvements in technique have reduced the figure from almost Hl% in early trials175 to between one and 2%, or even less if iris-clip lenses are excluded from the series.17 6 However, long term follow-up is still incomplete.
The question of continued cell loss follow ing cataract extraction remains unresolved. The data suggest that a rapid fall in central cell density ceases between three months and one of patients achieving a best corrected visual acuity of 6/12 because of associated cystoid macular oedema and glaucoma.198,199,200 Like wise, up to 80% of corneal grafts for pseudo phakic bullous keratopathy remain clear at two years, with between 17 and 50% of patients having a visual acuity of 6/12 or bet ter.17 6 ,2 0 1 . 2 0 2,2 0 3 The visual prognosis is worse with iris supported lenses2 0 4 but, in the absence of intraocular inflammation or cystoid macular oedema, there is no evidence that removal of a securely fixed lens will improve the final visual outcome or affect graft survival. 2 0 1,2 0 5 , 2 06 Meticulous anterior vit rectomy may be required at the time of graft ing to prevent vitreocorneal touch and continued endothelial cell loss. 2 0 7
Prolonged intraocular manipulation usually requires the intracameral use of potentially harmful substances that may con tribute to cell loss. To avoid damaging the endothelium special care must be taken to ensure that irrigating fluids have a correct ionic balance (200 to 400 mOsm) , a correct pH (6.8 to 8.2), and that calcium and glu tathione are present. Preferaby, an energy source should also be available.2 0 8,209,21O Because the endothelial pump is temperature dependent, cooling by irrigating fluids can slow the metabolism and produce corneal oedema which obscures the surgeon's view, but even prolonged irrigation with cold physiological fluids (4°C) produces few per manent changes. The preservatives for medi cations intended for ocular use have a dose-dependent toxicity. Sodium bisulphite, the buffer and antioxidant frequently used with adrenalin, is toxic to rabbit endothelium after intracameral injection or perfusion at concentrations of greater than 1: 5,000,21 0 ,211 while thimerosol and benzalkonium chloride may damage the endothelium at the accepted antimicrobial concentrations.212 Toxic effects have also been demonstrated after sub-con junctival injection.213 The toxicity of anti biotics varies widely, gentamicin probably being the least damaging. Other preparations whose effect upon the endothelium has been studied include phenylephrine,214 acetyl choline,215 carbechoe1 6 and urokinase.217 As a general rule, it is unsatisfactory to use any of these drugs unless in a preparation designed for intraocular use.
Air introduced into the anterior chamber during surgery is toxic to the endothelium. Animal studies demonstrate a reversible effect after contact for 30 minutes, with a more marked effect if the anterior chamber is filled with air that is allowed to resorb. Agents introduced into the eye following vitrectomy can damage the endothelium; the effects of sulphur hexafluoride (SF 6 ) gas are probably similar to those of air, but perfluoropentane (C 3 Fs) is more toxic because it is only slowly resorbed.2 1 8,2 1 9,22 0 ,22 1 , 222 The presence of the lens provides protection against intraocular gas during pars plana vitrectomy. 223 If silicone oil passes into the anterior chamber it has a markedly toxic effect upon endothelium, 224 Acute local endothelial damage undoubt edly occurs following 'minor' surgical proce dures to the anterior segment, for example peripheral iridectomy or trabeculectomy, but it is rare for there to be a reduction in central endothelial cell density, Mechanical damage to the endothelium has been recorded fol lowing both continuous wave (Argon and Krypton) and short-pulsed (NdIYAG or excimer) laser irradiation, but the long-term clinical significance of this is uncertain, Con tinuous wave lasers most frequently cause damage during peripheral iridectomy and tra beculoplasty,225,226 when heat is conducted from adjacent pigmented structures.227 Short pulsed lasers produce damage when gener ated shock waves travel through the tissue or when high velocity tissue debris is emitted from the point of fOCUS,228,229,23 0 ,231 6, The endothelium and penetrating keratoplasty An essential objective of penetrating kera toplasty is the transfer of viable endothelial cells, and their subsequent preservation is the necessary preoccupation of the corneal trans plant surgeon, The number of endothelial cells transferred on a graft is related to the status of the donor, in particular the donor age, and whether the eye has suffered any pre vious trauma. Endothelial cell numbers are also affected by the way the cornea is treated at the time of removal, the time elapsing between death and storage, the nature of the storage medium, and the time in storage. Subsequent cell loss occurs as a direct con sequence of surgical manipulation, post-oper ative inflammation or allograft rejection.
The assessment of excised corneas prior to corneal grafting
In the absence of an accurate method for assessing the functional capacity of the endo thelium of donor corneas, young donors are usually selected. This preference hinges upon the belief that a high cell density provides a reserve against subsequent cell loss, although there is a wide variation in endothelial cell density within any age group and a young donor does not guarantee a high initial endo thelial cell count or an improved long-term cell density. However it has been noted that grafts from older donors usually require a longer post-operative period to attain their final thickness,232,233 an observation that may reflect the reduced ability of the ageing endo thelium to re-form intercellular junctions, Although advanced donor age does not pre clude the use of a cornea for grafting, the life span of a transplanted endothelial cell is, as yet, unknown.
The accurate prediction of the functional performance of a donor cornea is a desirable but, as yet, unattainable goaL Specular micro scopy permits a direct measurement of pre operative cell density and the identification of pathology such as cornea guttata, keratic pre cipitates, Descemet's folds and areas of cell loss, each of which may adversely affect graft outcome, The metabolic state of tissue prior to grafting has been investigated using the nuclear magnetic resonance (NMR) of 3lp-Phosphorus to assess the abundance of organic high energy phosphate metabolites (ATP) in donor corneas. 234 Unfortunately, because of the low tissue mass of the endo thelium and the high signal from the meta bolically active epithelium, the technique does not resolve the endothelial response as distinct from the response of the whole cor nea. The NMR of de-epithelialised corneas labelled by incubation with 13C-Glucose could provide a more sensitive alternative.235
The endothelial cell response to grafting Endothelial cells are readily dislodged from a donor button by surgical manipulation, and longitudinal studies show an exponential fall in the central cell density as cells migrate to cover gaps in the endothelial layer. Following grafting for keratoconus, where there is a high endothelial cell count 011 the recipient cornea, a central cell loss of at least 20 to 30% occurs on the graft during the first three post operative months, This rises to between 50 and 60% by the end of the second year. 236,237,238,239,24 0 ,241,242,243 The rate of cell loss in subsequent years is slower, but is still greater than would be expected to occur by ageing processes alone.244 This cell loss is not the result of sub-clinical rejection and it is not prevented by topical steroids. 242 When the recipient endothelial cell count is low, as in bullous keratopathy, endothelial cell loss con tinues at an accelerated rate which is reflected in the poor long-term results for grafting of the condition.245 Whether this is due to a late re-distribution of cells from the graft to the host cornea or continued inflammation is unclear.
The mechanisms of endothelial repair following the insertion of a corneal graft are not fully understood. Nuclear labelling experiments and sex chromatin studies demonstrate that the host and donor popula tions of endothelial cells move in both direc tions across the corneal wound but do not intermingle. 246, 247, 248, 249 In the rabbit there is extensive migration/5 0 and the available data suggests that a similar mechanism is present in humans. However, following grafting for ker atoconus there is usually a higher final cell density on the host than on the donor cornea and a uniform cell density is never attained. 251,252,253,254
Allograft rejection is the commonest cause of corneal graft failure.255 Although grafts placed into corneas which have never been inflamed or vascularised seldom reject, unlike grafts for keratoconus, grafts placed in a reci pient bed which has been inflamed or vas cularised are often rejected.256,257 The basis of this loss of corneal privilege is related to the accumulation of immunocompetent cells, particularly interstitial dendritic cells, in the diseased recipient cornea. 258 These 'passenger cells' present foreign antigens to the host immunocytes-the first step on the afferent path of the allograft response.259 Following sensitisation, the efferent response is largely directed at the endothelium. Endothelial rejection appears clinically as either a diffuse uveitis with scattered keratic precipitates or as a rejection line enclosing a specific point of sensitisation, such as an iris synechia or vas cular ingrowth.255 Treated promptly and aggressively with steroids or antimetabolites, the rejection may be halted, with the reappearance of a clear graft, but an abnormal appearance of the specular image persists.2 60 Following severe rejection, a pos terior collagenous layer is deposited beneath the endothelium and extensive cell loss may result in persistent oedema.261,262
Despite the role of the endothelium as a tar get for the allograft reaction, there is doubt as to the identity of the target antigens. Although most studies have reported that class I antigens are absent from adult corneal endothelium/63,264,265,266,267 there are notable exceptions.268,269 There is agreement, how ever, that class I antigens can be found on the endothelium of donors younger than two years of age.263,269 Class II antigens are not expressed on healthy endothelium, but there is evidence that they can be induced under the influence of regulatory cytokines27o,271 and in rejected corneas. 272 Increased expression of class I and class II antigens has previously been shown to occur in other tissues during rejection273,274,275 and class I antigens can be upregulated after surgery alone.275 It would therefore appear that the endothelium does hold the target major histocompatibility anti gens for rejection but that they are only expressed under certain conditions which pre dispose to allograft rejection.
The transplantation of endothelial cells onto a patient's own cornea has been pro posed as a technique to reduce the antigenic load of a penetrating keratoplasty. In rabbits, cultured endothelial cells can be seeded onto thin gelatine sheets and, when a confluent monolayer has grown, the sheet affixed to the back of a donor cornea.276 Alternatively, the cultured endothelial cells may be seeded directly onto exposed Descemet's mem brane. 
General Considerations of Endothelial Pathology
Despite the structural simplicity of the cor neal endothelium, it is involved in a bewilder ing range of diverse but often interrelated pathologies. For the clinician, the precise classification of a particular case can be diffi cult. This is partly because any classification tends to be descriptive as so little is known of the aetiology of these conditions. Further more, the terminology of general pathology is not always appropriate. For the general pathologist, a dystrophy may be defined as a disorder, usually congeni thl, of the structure or function of an organ or tissue due to a perverted nutrition. In its widest sense it includes agenesis, atrophy, hypertrophy, hyperplasia, and metaplasia, but in practice the term is usually applied to those disorders which do not fit into any other category. In ophthalmology, the corneal dys trophies are primary conditions although they may not manifest until adult life.
Several other terms deserve classification. Dysgenesis refers to conditions that are the result of an abnormal migration of formative elements. Dysplasia is a descriptive term that has been loosely applied. At times it is used as an alternative term for dystrophy, describing an abnormal growth of tissue, although it should only be applied to developmental dis orders. This convention is usually followed by ophthalmologists, an exception being its use to describe changes found in the corneal epi thelium that are considered to be pre-malig nant. Within this framework, efforts have been made to group primary endothelial diseases (dystrophies) in terms of the migration (dysgenesis) or differentiation (dysplasia) of a common neural crest precursor,284 , 285.286 , 287 and thus to link the ocular and the systemic neu rocristopathies (Table III) .
Any of these disease processes may be accompanied by endothelial metaplasia. Metaplasia describes a change in which one cell type assumes the phenotype of another similarly differentiated tissue (Fig. 9) . This may occur in the endothelium as part of a developmental disorder or it may occur in response to injury. Epithelioid metaplasia is accompanied by the loss of contact inhibition, an increased expression of keratin, and the proliferation of surface microvilli; posterior polymorphous dystrophy is the best example, but similar changes occur in the irido-corneal endothelial syndrome .288 In fibroblastic meta plasia, the normally polygonal cells become fusiform and develop prominent cytoplasmic organelles. This appears to be a non-specific manifestation of endothelial distress and attempted repair and is observed after such varied stimuli as alkali burns, transcorneal freezing, graft rejection, vitreous touch and experimental uveitis. 28 9 .2 90 Both types of meta plasia can be accompanied by the deposition of a posterior collagenous layer formed of long-spaced collagen .2 9 ! Although the primary source of the abnormal collagen is the endothelial cell ,2 9 2 , 2 9 3 stromal keratocytes may contribute following rupture of Descemet's membrane .2 9 4 A peripheral migration of endothelial cells can accompany dystrophic disease (primary proliferation) or ocular injury (secondary pro liferation) . Primary endothelial proliferation most typically occurs in the iridocorneal endo thelial syndrome,2 9 5 while secondary prolifer ation may follow concussive injuries.
Special Pathology of the Endothelium
The time-honored convention of classifying (Table IV) .
At the other end of the spectrum of disease, 
Endothelial Dystrophies

Congenital hereditary endothelial dystrophy (CHED)
This is a rare disorder that presents in children or young adults as a bilaterally symmetric dif fuse corneal oedema varying from a mild stro mal haze to gross opacification of the cornea (Fig. 10) .312,313 ludisch and Maumenee recog nised differences in expression between the autosomal recessive and the autosomal domi nant forms of the disease. 314 The recessive variant tends to present earlier, have more severe corneal opacification, and visual depri vation can produce a pendular nystagmus. The cornea in the dominant variant may appear to be normal in infancy but oedema usually begins to develop in the first two years, although visual deterioration may be delayed. Oedema is not always progressive, but epithelial breakdown can result in photo phobia and tearing, and secondary changes can produce band keratopathy and spheroidal degeneration. Associated abnormalities of the anterior segment are not a prominent fea ture of CHED and the primary differential diagnosis is between congenital glaucoma and a mucopolysaccharidosis. The corneal diame ter in congenital glaucoma is usually larger than normal and there is a raised intraocular pressure with Descemet's breaks ; the opacity in a mucopolysaccharidosis tends to be an infiltration rather than oedema.
Histological examination reveals a range of endothelial morphology. The endothelial cells demonstrate fibroblast-like changes and may be absent from the central cornea. Desce met's membrane is often represented by only the anterior banded zone and a disorganised posterior collagenous layer can be grossly thickened and beaded. 315 The peripheral endothelium and Descemet's membrane are relatively unaffected. This distribution sug gests that the disease is due to an incomplete central migration of endothelial precursors, with secondary endothelial metaplasia and hypersecretion of collagen.
The diameter of the stromal collagen fibres is increased and they show non-specific changes of long-standing corneal oedema. 316, 317 Histological similarities between CHED al'ld posterior polymorphous dystrophy suggest that there is an overlap between the two conditions, indeed it has been proposed that the two syndromes repre sent the clinical spectrum of a single congeni tal endothelial dystrophy. 318,319
The decision to perform penetrating ker atoplasty depends upon the degree of stromal opacity., If there is marked opacity from birth, the operation should be performed early and an appropriate optical correction provided to reduce the period of visual depri vation and the risk of amblyopia. This type of surgery can be difficult and requires careful follow-up as graft rejection may be insidious and develop rapidly in the infant. Even with the most meticulous care, the prognosis for graft survival in young children is poor, with only about 40% of long-term grafts remaining clear.32o If the degree of opacity permits a delay, the prospects for successful grafting improve markedly. 321
Posterior polymorphous dystrophy (PPMD)
This is a slowly progressive disorder that is most often innerited as an autosomal domi nant trait, although in some instances the inheritance appears to be autosomal reces sive.322,323 Involvement is bilateral, but the expression of the disease can be highly vari able and asymmetric, such that early cases may appear to be unilateraL Vision is usually well preserved and only rarely does stromal and epithelial oedema develop. In some family studies vesicles and corneal oedema have been'noted at birth.
Corneal changes are best visualised with a slit-lamp using a broad tangential beam or retro-illumination (Fig. 11) , At the level of Descemet's membrane, clusters of vesicular lesions are arranged in groups, scalloped geo graphic areas, or bands that may superficially resemble traumatic breaks in Descemet's membrane.324 A faint grey stromal haze sur rounds these lesions. Two separate popula tions of endothelial cells can be seen at specular microscopy: large pleomorphic cells and small cells that have indistinct boundaries. 325 The benign non-familial occurrence of small clusters of posterior corneal vesicles has been reported.326 These do not affect vision and are non-progressive,
The occurrence of features of mesenchymal dysgenesis, the iridocorneal endothelial syn drome (ICE), and CHED in some families with PPMD suggests a related aetiol ogy. 319,324,327 The basic anomaly of both PPMD and ICE seems to be a proliferation of meta plastic epithelioid cells, although prolifer ation onto the anterior iris is not common in PPMD and the two conditions vary in their morphology, transmlSSlOn and natural history, 328 Broad peripheral iridocorneal adhesions, a feature of some cases of PPMD, are more substantial than the finer adhesions that occur in the Axenfeld-Rieger syndrome and they are not associated with a prominent Schwalbe's line. Glaucoma rarely occurs in patients with PPMD, but when it appears it is thought to result from a proliferation of endo thelium over the open angle or an anterior insertion of the iris into the trabecular mesh work-an abnormality that is more typically seen in primary congenital glaucoma (trabeculodysgenesis). 329 Histopathological studies of PPMD are lim ited to the few cases that progress to corneal oedema, The presence of endothelial cells with epithelioid characteristics is remark able.33 0 Affected cells form multiple layers and overgrow the normal endothelial cells,331 have desmosomal junctions and numerous microvilli facing the anterior chamber.
Endothelial cultures from affected corneas produce two distinct populations: cells of a normal appearance and cells having multiple microvilli. 332 An increased expression of the keratin cytoskeleton has been demonstrated by immunohistochemistry in PPMD, 333, 334 indicating that the epithelioid cells are prob ably not derived from ectopic surface ecto derm but are metaplastic endothelial cells. 335 The presence of only a thin posterior non banded Descemet's membrane suggests an onset of disease in the perinatal period.331,335,336,337,338,339,340 A thick posterior collagenous layer is deposited later and may be heaped into fusiform swellings that project into the anterior chamber or form loose fibro cellular material which fills infoldings of Des cemet's membrane. Both changes can pro duce the clinical appearance of vesicles.341
3, Fuchs' endothelial dystrophy
This is the most common of the endothelial dystrophies, It is characterised in its earliest stages by guttata which appear as non-reflect ing points in the specular image of the endothelium or as refractile particles on retro illumination342 (Fig, 12) , Primary -guttata appear in two patterns: isolated certral gut tata as part of the normal ageing process or confluent guttata accompanied by corneal oedema and reduced vision which constitutes Fuchs' endothelial dystrophy. There is a con tinuum of disease between these two extremes. Secondary corneal guttata may appear after corneal inflammatory disease, such as syphilitic interstitial keratitis. 343 Fuchs' endothelial dystrophy is typically inherited as an autosomal dominant trait with incomplete penetrance, although in some series up to 50% of cases are sporadic .344 In one large series, guttata were seen in 70% of individuals over the age of 40 years, but were confluent in only 3.7% .345 The overall female to male ratio in this series was 2.5 to one but, when only the patients progressing to surgery were considered, the ratio increased to six to one .344 Thus the disease is more common in females and the phenotypic expression is more severe .346.347 An association of Fuchs' years. The eye is initially asymptomatic as guttata appear centrally, the thickened Desce met's membrane becomes visible on tangen tial illumination, and pigment that has been phagocytosed'by endothelial cells forms geo graphic patterns. During a second stage of the disease, stromal and epithelial oedema pro duces glare and visual loss due to irregular astigmatism and the rupture of sub-epithelial vesicles can be painful. The ICE syndrome is particularly difficult to classify as it does not completely satisfy the criteria for both dystrophy and dysplasia . The condition is essentially unilateral with mini mal changes in the other eye ; it is usually spor adic but family clusters have been described and it has a characteristic clinical appearance, with dysplastic endothelium the dominant his tologic feature. Whether the condition should be considered with the dystrophies or whether it represents a true dysplasia (but grossly delayed) of the neural crest remains to be decided. For our purposes it is appropriate to consider the syndrome along with the endo thelial dystrophies.
Essential iris atrophy, Chandler's syndrome and the Cogan-Reese syndrome are probably variants of a single disease process in which secondary corneal oedema, peripheral anterior synechiae and changes in the iris architecture are . the main clinical features363 (Table V) . They form a group of progressive disorders collectively called the irido-corneal endothelial (ICE) syndrome364 (Fig. 13) . The endothelium in this syndrome has a character istically hammered-silver appearance in specular reflection. 365 Patients with the ICE syndrome are typi cally young white females in their third to fifth decade.369 The female to male ratio is esti mated to be as high as 5: 137 0 and, interest ingly, affected males tend to have bilateral involvement. Although most cases are spor adic, a familial bilaterally symmetric variant has also been described.371 Minor abnormal- At histological examination, the striking feature is the wide variety of endothelial change, filopodia formation, multilayering of cells and localised cell necrosis. A collagenous layer forms posterior to normal Descemet's membrane and beneath ectopic endothelium on the iris surface-the 'glass membrane' seen by light microscopy.381 Iris nodules of modi fied melanocytes can protrude through gaps in this ectopic membrane. 382 Features suggestive of epithelialisation of the posterior corneal surface have been demonstrated in cases of Chandler's syndrome383,384 and, while the orig inal diagnosis of ICE syndrome must be care fully considered, the increased expression of cytokeratins (epithelioid metaplasia) suggests a link between the ICE syndrome and PPMD. 385 The features of the ICE syndrome result from degeneration of the endothelial cells on the posterior cornea. There is an associated, but paradoxical, proliferation of the remain ing cells onto the iris,364,385 although mitotic division is rarely observed.379,38 0 A reduction in outflow facility is presumably the result of the growth of endothelial cells onto the tra becular meshwork.38 6 ,387 Contraction of the collagen formed beneath the ectopic endo thelium then produces peripheral anterior synechiae, an ectopic pupil, and traction tears of the iris. Evidence for vascular occlusion producing the iris holes in this disease is conflicting; some studies have failed to demonstrate any occlusion372 while others have demonstrated widespread vascular change.388.389 It is tempting to postulate that differences in the relative contribution of the three basic features of this condition--endo thelial cell loss, endothelial migration and the deposition of an ectopic Descemet's mem brane�ould be reflected as three clinical variants.39o The presence of normal Desce met's tissue beneath a posterior collagenous layer points to a post-natal onset of disease,379 interpreted as either the delayed expression of abnormal neural crest development or an acquired inflammatory lesion.
Most patients with ICE syndrome maintain excellent vision and require only periodic review. The breakdown of the syndrome into three groups is of little clinical significance, particularly as patients may progress between groupS.369 However, it is important to make the distinction from other causes of iris tum our, for example iris melanoma, and to recog nise a tendency to develop a raised intraocular pressure. In the presence of glaucoma, management should initially be directed toward control of aqueous production by medical means, but filtering surgery is eventu ally required in about 50% of cases.39J Sub sequent proliferation of endothelium into the filtering bleb may cause failure of some oper ations, but surgery can be repeated. Symp toms of early corneal oedema may be controlled by hypertonic drops or a soft con t, act lens, but penetrating keratoplasty, fol lowing the control of raised intraocular pressure, may be required if corneal oedema produces significant visual loss or ocular dis comfort. There are no histological reports of recurrence of the primary disease in the donor corneal button.392.393
Acquired Disorders-the Endothelial
Response to External Influences
The corneal endothelium has a limited reper toire of responses to challenge. Sub-lethal injury results in minor pleomorphic changes in the cellular array, more damaging injury may produce metaplasia, but cell loss is the most common response to trauma. Surgical intervention is the most common noxious stimulus experienced by the cornea.
Surgical Injuries
Epithelial downgrowth and other post surgical retrocorneal membranes
Cells other than endothelial cells may be seeded onto the posterior corneal surface where they may grow. Epithelial cells may spread after traumatic implantation or spread through a gap in the integrity of the globe. Study of organ cultured corneas suggests that epithelium will not overgrow healthy endo thelium/94,395 and progressive endothelial disease seems to be a prerequisite for clinical disease,396 , 397 , 398,399 However, in an inverted keratoplasty model of epithelial down growth developed in the cat, epithelial cells grow across residual endothelium onto the iris. 400 Iris pigment epithelial cells, iris stromal mel anocytes or pigment-containing macrophages can also be seeded onto the back of the cor nea, where they develop into pigmented retrocorneal membranes.40J,402 Melanocytes in this location may cover a large area, but such membranes do not invariably induce cor neal oedema. It has been suggested that, as they are of neural crest origin, they are able to develop a pumping facility.403,404 Alter natively, functioning endothelial cells may survive beneath the melanocytic layer, These hypotheses require further study.
2, Post-Surgical Endothelial Cell Loss
Loss of some endothelial cells after intra ocular surgery is inevitable. This subject has been discussed in detail in a previous section.
Non-Surgical Injuries to the Endothelium
Concussive injuries
Breaks in Descemet's membrane can produce endothelial damage after forceps injuries, in congenital glaucoma and keratoconus, and in high myopia.405 The cell loss after a blunt injury is then exacerbated by an associated hyphaema, uveitis or raised intraocular pres sure.406,407 A condition termed traumatic pos terior annular keratopathy has been observed to follow the impact of high velocity particles on the superficial stroma, most frequently after powder flash or sand blasting injuries: as particles strike the cornea they generate a shock wave that passes backward from the point of impact producing a ring of vacuolated 
Vi ral infection
The herpes simplex virus can be cultured from the stroma of a percentage of patients with disciform keratitis and it is probable that the virus can invade endothelial cells directly. The resulting endotheliitis and secondary attack by immunocompetent leukocytes produces pseudoguttata and oedema of the overlying stromal and epithelium.447 A bilateral and symmetric stromal oedema that moves centrally behind a line of keratic precipitates has been termed presumed auto immune endothe1iopathy.448 Although it responds readily to topical steroid, the aetiol ogy of this rare condition remains an enigma. Similar, but unilateral, cases that do not respond to steroid have been reported. 449 The anterior chamber in these cases contains macrophages and lymphocytes, but attempts to isolate viruses have been unsuccessful.
Endothelial cells may also be involved by disease processes that have their primary effect upon other corneal layers. For example, there may be endothelial deposition of acid mucopolysaccharide in macular cor neal dystrophy. 450
Systemic Metabolic Disease
Diabetes
Human diabetic corneal endothelium appears to have a normal cell density but it is more sus ceptible to stress than normal endothelium and stromal oedema following surgical pro cedures may be slow to resolve.451 The endo thelium of both juvenile and adult onset diabetic patients is often abnormal on mor phometric analysis452 and has a higher per meability to fluorescein.453 A failure to demonstrate an increase in the thickness of the basement membrane of the endothelium (Descemet's membrane) comparable to increases demonstrated elsewhere in dia betics is thought to reflect the low turn-over of these cells. 454.455
Conclusion
That so much attention has been directed to studies of the corneal endothelium by labora tory-based and clinical scientists is an indica tion of the importance and complexity of disorders affecting this seemingly simple monolayer of cells. The pathway to a com plete understanding of the disorders of the endothelium extends before us. Much has been learned in the last two decades, and is the subject of this review, however much remains to be learned in the years to come. With the advances in basic science, particu larly molecular biology, transplantation and immunology, powerful tools have been devel oped which are being used to increase an understanding of the biology of the corneal endothelial cell. Progress in this area of research is accelerating and the prospects of conquering the common disorders of the endothelium in the forseeable future are very real. 
